Abstract. The Benguela Current forms the eastern limb of the subtropical gyre in the South Atlantic and transports a blend of relatively fresh and cool Atlantic water as well as relatively warm and salty Indian Ocean water northward. Therefore, it plays an important role not only for the local freshwater and heat budgets but for the overall meridional heat and freshwater transports in the South Atlantic. Historically, the Benguela Current region is relatively data sparse, especially with respect to long-term observations. A new three dimensional data set of the horizontal velocity in the upper 2000 m that covers the years 
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The Benguela Current transports water masses carried into the Cape Basin by the South Atlantic Current, the Antarctic Circumpolar Current and the Agulhas Current (Gordon et al., 1992) . The contribution from the Agulhas Current consists of warm, 5 salty Indian Ocean water that enters the Atlantic in the Agulhas Retroflection Region via the shedding of rings and the Agulhas leakage (Lutjeharms and Van Ballegooyen, 1988) . Agulhas rings are large (with diameter 300-400 km) and extremely energetic (Olson and Evans, 1986) , in fact, the ring shedding region is characterized by significantly higher level of eddy kinetic energy than observed in the other parts of the world ocean in the southern hemisphere (Ducet et al., 2000) . On average, the Agulhas rings transfer about 10-15 Sv into the Atlantic in the upper 1000 m (Peterson and Stramma, 1991) . Because of their water mass 10 characteristics they are important for the heat and freshwater budget in the South Atlantic.
From its origin in the Cape Cauldron (Boebel et al., 2003) the Benguela Current flows northward along the west coastline of Africa and feeds into the southern South Equatorial Current (Stramma, 1991) (Rodrigues et al., 2007) . At intermediate depth, the flow towards South America is more zonal, and once it reaches the 15 boundary in the Santos Bifurcation (Boebel et al., 2003) , about two third of the intermediate water contributing to the Brazil Current and one third to the northward flowing Intermediate Western Boundary Current (Schmid et al., 2000; Boebel et al., 2003) .
The Benguela Current plays a key role for the Atlantic Meridional Overturning Circulation (AMOC) by transporting heat 20 and salt from the Indian Ocean northwards. The AMOC is important for the global energy budget and is believed to be linked with multiple regional and global climate phenomenon as well as extreme weather events in the North America and around the globe (Sloyan and Rintoul, 2001; Haarsma et al., 2005; Garzoli and Matano, 2011; Lopez et al., 2016) .
Recent model-based studies suggested that heat transfer to the North Atlantic by the Benguela Current increased due to an 25 increase of the Indian Ocean inflow through the Agulhas leakage in 1965 to about 1990 (Biastoch et al., 2009 (Biastoch et al., , 2015 . This increase was attributed to a strengthening of the Agulhas Current (Biastoch et al., 2009 ) because of a poleward shift of Southern hemisphere westerlies as reported in many studies based on climate models (Cai, 2006; Yang et al., 2016; Saenko et al., 2005 ). An increase in the Indian Ocean inflow could result in increased heat and salt transports into the South Atlantic causing salinification there, which could gradually extend into the North Atlantic (Biastoch et al., 2009) . From about 1990 on, no sig-30 nificant change of the Agulhas leakage was detected by Biastoch et al. (2015) (their Figure 4) . In agreement with this, a recent observational study by Beal and Elipot (2016) found that the Agulhas Current has not strengthened during the period 1993 to 2015. Instead, it has been broadening. Beal and Elipot (2016) observed that intensifying winds strengthen the eddy kinetic energy of the Agulhas Current, but do not increase its mean transport.
As part of an early effort (Benguela Sources and Transport Experiment, BEST) based on direct current measurement with a moored current meter array and inverted echo sounders Garzoli and Gordon (1996) derived a northward transport of about 13
Sv across 30 o S, between the Walvis Ridge in the west and the African coast in the east. They observed that 50 % of the meridional transport in the upper 1000 m at this latitude consists of waters from the South Atlantic, 25% from the Indian Ocean 5 and the remaining 25% is a mix of water from the Indian and the tropical Atlantic Ocean. In addition, Garzoli and Gordon (1996) 
Data and Methods
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The methodology and the details of the product (called, Argo & SSH) are described in Schmid (2014) . Improvements were implemented and the time series was extended in preparation for a study of the Meridional Overturning Circulation in the South Atlantic. Details about this can be found in Majumder et al. (2016) . A short summary of the methodology for deriving the velocity fields follows:
(i) temperature and salinity profiles from Argo floats measured in the years 2000 to 2015, are used to calculate dynamic height;
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(ii) to improve the monthly spatial data coverage, fits between sea surface height (SSH) from AVISO (AVISO, 1996) and the dynamic heights are used to derive synthetic dynamic height profiles on a 0.5×0.5 grid; (iii) these synthetic dynamic height fields are used to calculate geostrophic velocities relative to a level of no motion; (iv) absolute geostrophic velocity fields are obtained by adjusting the geostrophic velocity by using velocity fields obtained from the trajectories of subsurface floats; (v) and, finally, the Ekman component, estimated from NCEP2 reanalysis winds (Kanamitsu et al., 2002) , is added to the derived velocity fields.
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The resulting timeseries is an extension of the one used by Majumder et al. (2016) and covers the years 1993 -2015, of which the first seven fall in the pre-Argo period. This extension of the time series is based on the assumption that the relationship between SSH and dynamic height do not change much over time (Dong et al., 2015; Lopez et al., 2017) .
The derived gridded monthly velocity fields are used to estimate volume transports in the Benguela Current region. Wind 10 stress curl and the Sverdrup stream functions are estimated using European Reanalysis interim wind fields (ERA interim) (Dee et al., 2011) . This wind field has a 0.75-degree resolution and is available for the years 1979 to 2016.
Following Garzoli and Gordon (1996) Before proceeding to zonal integrals of the transport it has to be noted that Argo & SSH does not contain velocities in boxes that are shallower than 1000 m at the center (as can be seen in Figure 2 ). One way to assess how much transport occurs in these Clement and Gordon (1995) and Stramma and Peterson (1989) 
Transport Budget and its Uncertainties
The transport budget of the volume transport in the upper 800 m is assessed across three sides of the box ABCD depicted in (about 90 mm/month) the net transport into the box is 0.02 Sv. This transport is much smaller than the observed imbalance of 7 Sv. To achieve a gain of 1 Sv transport through the ocean surface, freshwater input would have to be about 50 times larger than the typical value in this region (4.5 m/month). This indicates that the surface freshwater input can not contribute significantly to the imbalance.
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Overall, these estimates lead to the conclusion that processes discussed herein may not contribute significantly to the uncerainties in the transport budget. 
Temporal Variability of the Benguela Current
The characteristics of the variability of the transports shown in Figure 4 are assessed with a wavelet based spectral analysis 
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The weakness of the annual cycle and the energy at mesoscale periods can be attributed to the impact of the Agulhas rings.
About 5 to 6 Agulhas rings cross the Cape Basin region annually and they typically translate in a northwesterly direction. Figure 6 ). In addition to this, the Hovmöller diagrams reveal why 15 the energy at mesoscale periods (3-7 months), as derived from the time series of the transport in the Benguela Current, is not always significant. Individual Agulhas rings only have an impact on a small part of the longitude range used in the transport computation. Therefore, their signal becomes relatively weak in Figure 5 . Also, it also has to be noted that the monthly Argo & SSH data set can not resolve periods smaller than 2 months, therefore transport time series may miss some of the high frequency variability due to these rings. Periods with significant spectral energy at mesoscale frequencies can be attributed to the meridional section because it is about three times shorter than the zonal ones and its length is close to the typical diameter of Agulhas rings. With respect to the annual period it is noted that this zonal transport does not exhibit a statistically significant energy in any year. A major reason for this is, again, the prevalence of Agulhas rings. Figure 7c , which shows the ratio of eddy kinetic energy ( Figure 7a ) and mean kinetic energy (Figure 7b ) reveals that the rings typically cross line AC. Herein, we used the assumption that powerful Agulhas rings are characterized by an eddy kinetic energy that is mostly at least 10 times 
Wind Forcing and the Sverdrup Gyre
The Sverdrup relation gives a zeroth order understanding of the wind forcing and vertically integrated meridional transport in an open ocean. Validity of the Sverdrup relation has been analyzed in many studies both using observations (e.g. Gray and Riser (2014)) and model simulations (e.g. Thomas et al. (2014); Wunsch (2011) ). The focus of these studies was mostly to determine wether the Sverdrup balance holds in the open ocean but they did not focus on the eastern boundary region. Nevertheless, Gray and Riser (2014) stated that the Sverdrup balance can not explain the observed transport near the eastern boundary. Small et al. (2015) , using regional ocean model, showed that an approximate Sverdrup balance holds close to the eastern 
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A challenge in this region is the inflow of water from the Indian ocean, typically about 14.5 Sv in the upper 1000 m (Richardson, 2007) , via the energetic Agulhas rings and leakage. In addition, the Sverdrup gyre may have a different depth for the wind forced layer than 800 m used for estimating the meridional transport. However, values from a study by Schmid et al. (2000) , who estimated the depth of the gyre using a ventilated thermocline approach by Luyten and Stommel (1986) , showed values of 700 -800 m for the box ABCD. 
Summary and Conclusions
The objective of this study is to increase the knowledge of the structure and variability of the flow in the eastern limb of the Clement and Gordon (1995) and Stramma and Peterson (1989) both use Greenwich Meridian as the western edge of the Benguela Current at 32 o S, where as Garzoli and Gordon (1996) inte- Recent studies with climate models suggest an intensification of the westerlies in the Southern Ocean (Cai, 2006; Yang et al., 15 2016); and it has been shown that the increasing westerlies in the Southern Ocean result in an intensification of the Agulhas Current and its leakage since 1965 to about 1990 (Biastoch et al., 2009 (Biastoch et al., , 2015 . Both Biastoch et al. (2015) and Beal and Elipot (2016) Garzoli and Gordon (1996) (at 30 o S, circles), Clement and Gordon (1995) 
